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Abstract—The weighted-moment method for the parameter evaluation of the axial dispersion model was
investigated with tracer response curves obtained at two points of a liquid phase flowing through a cylindrical
vertical column packed with ceramic spheres. The long tail of response curves was approximated by the
exponential decay function in order to obtain model parameters of better fitness. The weighted-moment
method was performed through the linear regression method applied with different ranges of Laplace parame-
ter. The fitness of model parameters evaluated by each method was determined by comparing the hypothetical
response curve obtained from the evaluated model parameters with the actual response curve obtained exper-
imentally. The weighted-moment method performed with appropriate range of Laplace parameter had provid-
ed more reliable model parameters than those obtained from the moment method.
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A3 & (chanelling), & 52 (back flow), ¥ & & (back-
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model)o] Z )] AFH 57 HJYE ofFol
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Table 1. Experimental conditions

Experimental Experimental serial No.
conditions 100 200 300 400
Vol. flow rate 72 5.7 43 3.0
of water(LPM)
Length of test 84
section{cm)
Space time of 179 225 299 424

test section(sec)

Distribution of 5mm:7 mm:9 mm=1:1:1

packing sizes (by wt.)
Bed voidage 0.401
h(t) =hy exp[ —w(t—to)] (15)
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Fig. 1. Evaluation of model parameter for EXP.200 &

EXP.300 by weighted moment method(2<ts<5).
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o]i= sgte] AAFE 7154e) oi o] To]EA Hof
A 1SHERA Heh merh AA e A 289
Aell B} & J3g vjAngy 713 malee] 22X

AYEE (e Zojl ARE Ay, w3 e

P exp(—st) o} o] A HeHe vF T @2
e TS meiie) wFe] AdHeR ol
o s FAbe) By A LA Aol G
2 P vehE Alog Algdnh

4-4. pxBoz 33 s SEHIM

A 1R A 2eGFANE FEAEE WA AE
oz 4 1&9Fde) ups B4t wdo) Hes
APAE Bgste] A 2542 Hell o]2 A et
5 7}4k= 91 4534 (hypothetical response curve) C,’
()& & Ael 98 T3

w
‘jﬂl‘\_

o <P 12
C/(t)= EC 0\1){4“(_—)\:)?}
P =M T
exp{z<2—~—fc *tl_)\d)}A}\
P 172
C/(t)= EC (7\4){ 477}
P ti— A T
exp{z<2~ . ‘h*k)}A)\
+EC, expl—w(h )] G(t—A) AL (18)
4-5. SEHRM wz|9 20l o3t X|$2S2| &2 XY
HEZXH
Seta el A pB e HEAHE 2elEA
1} Laplace #j7B¥H< 2] #elE dejsidy 7 &

WE o Fa v sepele el hak AEs

Table 2. Effect of range of Laplace parameter s on the model parameter evaluated by the weighted moment method

Range 100 200 300 B 400

of ts T P T P T P i P

0* 19.19 4302 22.93 62.54 30.81 68.5 4391 5975
1-2 19.32 69.41 22.82 82.14 3061 85.53 4366 83.50
2.3 19.14 83.19 22.69 94,65 30.44 97.88 4342 95.47
34 18.97 96.15 22.55 105.83 30.26 109.67 43.15 106.95
45 18.82 107.18 2241 116.19 30.06 12167 4286 118.60
56 18.70 116.39 92.26 126.32 29.88 132.06 42,55 13091
6-7 18.59 124.55 92.12 137.13 29.67 144.78 4223 144.36

*: Parameters evaluated by moment method(zs=0)
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Fig. 2. Relative mean square error acoording to the cut-
off point of the tail.
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P2} 33 ol A HA ek ol H ws R
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Fig. 2004 o % sl whsh o] 49 $g249
FE7b 1 (3w of 20% o WelAe A3
) FF A5 FAGFE TANAE A5l 24 2
shetolels] A hest /b B9, $GFA) Aol
olelg YA Yol 4 Wl =7t 4UFE A
EE gelE A2 dubi e deie &3
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Table 3. Fitness of hypothetical response curves using pa-
rameters evaluated by the weighted moment me-
thod with different ranges of ts

_Range of

RMS

TS EXP.100  EXP200 [EXP.300 EXP.400
0* 0.10244 0.05986 0.06054  0.05646
1-2 0.06208 0.03644 0.03979  0.03606
2-3 0.04641 0.02743 0.03251  0.03126
3-4 0.04298 0.02743 0.03251  0.03273
4-5 0.04471 0.03238 0.03879  0.03986
5-6 0.04845 0.03995 0.04723  0.04307
6-7 0.05638 0.05510 0.06162  0.06423

*: Parameters evaluated by moment method(ts=0)

0.08
1 »
nosd
e
o
0.04
4 - i o 0 ESP. 100
Q:ENP. 200
0.02 4 8 tEXP, 300
 EXP. 400
1 2 3 A 5 6 7

rs

Fig. 3. Relative mean square error acoording to the range
of ts.
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& A7E Table 3¢ Vel gch
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472 RMS 2371 715 molE g o] 48 A$xr}
o 2ol Hx ZA epbdg ¢ § gt ol 7}%‘-
BalE B A% 715eA} exp( —st) 7} 7) mej iy
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Table 4. Model parameters evaluated by different methods

Experimenal no. 100 200 300 400
Weighted- cut-off pt. Comax X 0.24 Conax X 0.18 Coax X 0.17 Comax X 0.22
moment TS 34 34 2-3 2-3
method t 18.97 2255 30.44 4344
P 96.15 105.83 97.88 94.81
RMS error 0.0437 0.0292 0.0339 0.0324
Moment cut-off pt. Cmar/ 3 Conar/ 3 Crar/3 Cma/ 3
method T 19.46 22.89 30.77 43.87
P 47.02 65.10 66.56 63.31
RMS error 0.0902 0.0568 0.0587 0.0552
0.08- o et A sghe Abg o] w Hejuleig Fahao
c o it s | AAHE 1E BAE YO2 T4 2l shelole
2 0064 (r=22.55."P=105.83) b ENE o T Auck qgwst 44 FA o
elsdrh 57H217F vo) Peclet 4 P ®wle woz o
S 0ol 17 ge 75 EulE o2 e ghu vlms) 2 o,
[ FZAE oF 1-3% AA JePd Peclet & < 50-
N 30% Al vhebstet. olstgte] Adol4 AL dlolel:
< Folx Fube Rl mdg shMske whyel e
. g 24se 2 Hetulele) ge =2A g2 e 4
2 p © 50 & Aee & F Uk

time(sec)
Fig. 4. Fitness of hypothetial response curves using para-
meters obtained by moment method and weighted
moment method(EXP.200).
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c(t) :concentration-time curve of tracer in the col-
umn [mol/cm?]

c : Laplace transform of c(t), J-:c(t)e “stdt

C(t) :normalized conc.-time curve, c(t)/J’Omc(t)dt,
dimensionless

C,(t) :normalized conc.-time curve at ith measuring
point, dimensionless, i=1, 2

C.'(t) : hypothetical normalized conc.-time curve at

the second measuring point, dimensionless
Co(t) mer : maximum normalized concentration of Cx(t)
C:(s) :Laplace transform of C;(t), normalized conc.-

time curve at ith measuring point, i=1, 2

D, :axial dispersion coefficient [cm?/sec]

F(s) :transfer function evaluated experimentally, C,
(s)/ Ci(s)

G(t) :inverse transform of G(s)

G(s) :transfer function of axial dispersion model

L :length of test section between 1st and 2nd
measuring point [cm]

N : numbers of experimental data points

p : Peclet number(ul/D,), dimensionless

RMS : relative mean square error between hypothe-
tical response and experimental response cur-
ves compared with Cy(t) mur

S : parameter of Laplace transform(positive real
number) [sec™']

t : time passed after tracer injection [sec]

t, : starting point of approximated c{1) curve in

the tail, cut-off point [sec]
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. Aris, R.: Chem. Eng. Sci.,
. Qstergaard, K. and Michelsen, M. L.: Can. J. Chem.

: first moment of conc.-time distribution curve
[sec™!]

: first moment at ith measuring point [sec™'],
i=1, 2

:axial mean interstitial velocity [cm/sec]

: exponential decay factor of tail [sec™ ]

: axial distance from tracer injection point [ cm]

: dimensionless distance [x/L]

: second moment of conc.-time distribution c(t)
[sec?]

: second moment at ith measuring point, i=1,
2

: space time [sec]

: varfable of convolution integration
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